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ABSTRACT 
This article presents KnowledgePuzzle, a browsing tool for knowledge construction from the web. It aims to 
adapt the structure of web content to the learner’s information needs regardless of how the web content is 
originally delivered. Learners are provided with a meta-cognitive space (e.g., a concept mapping tool) that 
enables them to plan navigation paths and visualize the semantic processing of knowledge in their minds. Once 
the learner’s viewpoint becomes visually represented, it will be transformed to a layer of informative hyperlinks 
and annotations over previously visited pages. The attached layer causes the web content to be explicitly 
structured to accommodate the learner’s interests by interlinking and annotating chunks of information that 
make up the learner’s knowledge. Finally, a hypertext version of the whole knowledge is generated to enable 
fast and easy reviewing. A discussion about the affordances of the tool and how it can be used to achieve a 
scaffolded approach for learning is presented. The evaluation of the tool in a real educational setting revealed its 
support for navigation planning and knowledge recall as compared to classical navigation techniques. 
 
Keywords 




The web is an open information system in which various information resources can be interlinked together in diverse 
ways to form hypertext or hypermedia environments. The ability to structure and integrate various learning materials 
makes the web a rich educational medium. People usually navigate the web in a self-directed way. They direct their 
navigation routes differently in accordance with their individual preferences. They may select and examine from a 
large pool of information only those pieces necessary to meet their objectives. Thus, the structure of knowledge 
gained from the web is likely to be different from one user to another due to the different navigation paths they 
follow to gather information. This structure may also differ from the structure of web content since information may 
be obtained from diverse documents which are not directly linked. Therefore, hypertext documents, due to their static 
nature, cannot cope with individual differences among self-directed users. They cannot be interlinked or restructured 
to match the knowledge representation in the mind of every single user, unless the user is himself/herself the content 
author. This gap between the user’s information needs and the structure of information on the web can place 
navigation and cognitive overload on users due to the difficulty of monitoring their progress and recalling 
information components while navigating the web (Conklin, 1987). 
 
To illustrate the above problem, imagine the scenario of a learner navigating the web to learn about a particular topic. 
The learner accesses various web pages, each of which belongs to a different site and explains a different aspect of 
the desired topic. While navigating, the learner constructs knowledge by rethinking about the navigated content and 
making semantic links between pieces of information scattered on various pages. The fact that these pages are not 
organized on the web in the way that the learner demands causes him/her to do additional cognitive and navigational 
effort to retrieve information of interest and retain the structure of knowledge in mind. This effort can cause the 
learner to fail in knowledge construction if large amounts of information need to be retained. 
 
It is obvious from the above discussion that there is an emerging need for techniques that enable users to structure 
and interlink information on the web in proportion to the progress of their own navigation process, rather than being 
typical viewers of information. The vision of this work is to propose a technique which aims to adapt the navigation 
path on web to reflect the mental representation of knowledge by utilizing an information visualization technique. 
Learners are provided with a meta-cognitive space (e.g., a concept mapping tool) that enables them to visualize how 
they like information resources to be structured. Subsequently, the constructed visualization is converted to a 
hypertext layer over the visited pages, causing the information structure on the web to more accurately represent the 
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knowledge structure in the learner’s mind. This can considerably enhance accessibility and thus reduce cognitive 
overload. A thorough discussion about the proposed technique and how it can be used to achieve a scaffolded 
approach for learning is presented. The evaluation of the technique using both quantitative and qualitative measures 
within a formal learning setting is also explained and results are discussed. 
 
 
Self-directed learning from the web 
 
The term “self-directed learning” originated in the field of adult education (Roberson, 2005). It has been defined as 
“a process in which individuals take the initiative, with or without the help of others, to diagnose their learning 
needs, formulate learning goals, identify resources for learning, select and implement learning strategies, and 
evaluate learning outcomes” (Knowles, 1975). With the growing trend toward web-based learning, the concept of 
self-directed learning has received increasing attention. Hanna et al. (2000) stressed that it is a key factor in 
successful web-based learning. Cennamo et al. (2002) found that success in web-based courses often depends on the 
learners’ abilities to successfully direct their own learning efforts and to decide on suitable navigation paths. 
Learners in online environments who are skilled in self-direction become more responsible for their learning and 
more self-motivated (Chang, 2005). However, these positive effects of self-regulation have to be balanced against 
the problems of learning from the web, and in particular the problems of disorientation and cognitive overload. 
 
A prerequisite for designing a web-based tool to promote self-directed learning is to understand how learners 
construct knowledge while navigating the web. Using the experience from previous research (Kashihara & 
Hasegawa, 2004; Mitsuhara et al., 2008; Tergan & Keller, 2005), this section illustrates how the human brain 
retrieves and processes information while browsing the web. This will be a prerequisite for visualizing the navigation 
path based on the learner’s mental model at a later stage.  
 
Figure 1 depicts an example of how knowledge is structured in both the web and the learner’s mind. Learners often 
start navigating the web with a particular goal in mind. For example, they may search for a particular definition or a 
description for a specific topic. They navigate from one web page to another until they find the information that 
answers the initial learning goal. In Figure 1, information that meets the learner’s interests has been located in three 
different pages that are not linked via direct hyperlinks (components A, B and C). The learner builds knowledge by 
creating semantic links between these disparate pieces of information. Each link denotes the goal of navigating from 
one component to another. For example, the learner may think that component B illustrates the information learned 
from component A, and that component C supplements the description given in component B. However, these links 
only exist in the learner’s mind, and the original pages are not explicitly linked in a way that conforms to the 
learner’s mental model.  
 
It should be mentioned here that the learning goal arising from browsing a web page is not always answered in the 
immediately following page. In addition, it is likely that further learning goals will arise while looking for the answer 
of a retained goal. It is also possible that the learning goal may have one starting page with multiple target pages. For 
example, the answer to a particular question could be found in the combination of information assets collected from 
various resources. All these cases require the learner to make extra cognitive effort to manage the navigation process, 
retain learning goals and recall information of interest from previously navigated resources. Our hypothesis is that 
this cognitive effort can be mitigated if the links that the learner mentally creates while navigating the web can be 
physically converted into informative hyperlinks and annotations on the web. The KnowledgePuzzle tool was built to 
achieve this goal. The tool and its functionalities are demonstrated in the following section. 
 
 
Figure 1. The knowledge construction process during web navigational learning 
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The KnowledgePuzzle tool 
 
In order to help learners visualize the navigational learning process, the KnowledgePuzzle tool shown in Figure 2 
was developed. The tool’s main window is split into two spaces: a browsing space (on the left) and a planning space 
(on the right). The learner uses the planning space to visualize the cognitive model of knowledge which was 
constructed while browsing the web. Accordingly, resources on the browsing space will be interlinked and annotated 
to reflect the constructed visualization. 
 
 





The planning space enables learners to assemble a sequence of web pages that fulfill the desired learning goals. It 
emulates the navigational learning process explained in the previous section: when the learner decides to set up a 
learning goal in reading a page, he/she can add a graph node denoting the page, or a paragraph within the page, 
where the goal arises. Similarly, when a retained learning goal is fulfilled, another graph node can be added to denote 
the target page, or a portion of it, where the learning goal is achieved. Adding nodes is simply done by highlighting 
parts of interests from the browsing space, dragging and then dropping on the planning space. Nodes can be 
optionally named with the main concept learned from the source pages. To visualize the relationships between pages, 
links can be drawn between nodes and annotated with terms indicating the goal of navigating from a page to another. 
Each graph node is represented as a thumbnail of the source page. In addition, each graph node is hyperlinked, and 
clicking on it causes the source page to open in the browsing space and the part of interest to be highlighted. This 
direct linking between graph nodes and information assets in hyperspace enables rapid access to information and 
helps learners to consolidate the correct sequence of pages at any time. 
 
Learners can manipulate the constructed graph during the navigation process whereas each manipulation is executed 
by means of mouse clicking or dragging. There are four basic manipulations: adding, editing, deleting and altering 
the navigation goal links between nodes. Zooming techniques are also supported to facilitate manipulation of large 
constructed graphs: the user can zoom in to focus on specific parts or zoom out to have a global view. Notes about 
the content of any page can be inputted through the entry form that will pop up when clicking on each graph node. 
Later on, these notes will be attached to the related content within the web page so that the learner can review the 
page along with his/her notes.  
 
Figure 3 shows a sample graph constructed for the goal of learning the photosynthesis process in plants. It depicts the 
nodes representing the web pages being visited and the primary navigation processes that have been executed. Each 
graph node is named by the learner with the main topic learned from the source page. For example, the learner 
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visited the pages named “Chlorophyll,” “Carbon Dioxide (CO2)” and “Oxygen” to learn about the requirements and 
products of the photosynthesis process which was explained in a previously visited page. After learning about the 
“Carbon Dioxide” from a particular page, the learner obtained supplementary information from a page named 
“Biological role of CO2.” Links between nodes indicate the goal of navigating from one page to another. For 
example, the link labeled “requires” denotes that the learner visited the destination page to learn about a requirement 
of the concept explained in the previous page. When the learner creates a link between two nodes, both the 
relationship and its inverse should be inputted. For example, if the link from “Photosynthesis” to “Chlorophyll” is 
named as “requires”, the inverse link should be named as “is required by” or something similar. While, for 
simplicity, inverse links are not shown, they will be used when the graph is converted to a hypertext layer over web 
pages in the next stage. 
 
 
Figure 3. A sample knowledge graph 
 
 
Figure 4. The conversion of the knowledge graph to hypertext components:  





After visualizing the learner’s navigation path, the tool automatically transforms the graph to a layer of hyperlinks 
and annotations which will be laid over the visited pages. The layering process is done as follows: The links 
connecting any source node with target ones are transformed to a list of hyperlinks. The constructed list is embedded 
inside the source page, aiming to link information of interest within the source page with related information in target 
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pages. Similarly, lists of inverse hyperlinks are created and embedded inside target pages to denote inverse 
relationships that link back pieces of information in target pages with source pages. 
 
Figure 4 shows an example of the conversion process. Figure 4.A depicts two graph nodes extracted from Figure 3 
with the associated relationships. Figure 4.B shows the corresponding lists whereas each list includes hyperlinks 
denoting the relationships associated with each node.  Since the original pages on the web cannot be altered, the new 
structures will be laid over the copies of web pages after being loaded on the browser. 
 
Figure 5 shows how the web pages, represented by the graph nodes shown in Figure 4, look like after the new layers 
of hyperlinks are attached. The part of the page that the learner is interested in is formatted in a different color and a 
new hyperlink labeled “Click here” is added to its end. Clicking on the link causes the list of hyperlinks to be 
displayed. These hyperlinks link to target pages and expose how they are related from the learner’s perspective. 
Therefore, they enable seamless transition between resources of information that make up the learner’s knowledge.  
 
 
Figure 5. Amended pages after the hypertext layering process 
 
The naming of the attached hyperlinks enables learners to recall what was the goal achieved by navigating from a 
page to another, thus providing support for learners to reconstruct their cognitive models. In addition, both lists 
include a link labeled “My notes” on which clicking will open a small window showing the notes added by the 
learner about this part of information. This enables learners to review their comments and notes alongside the related 
web content. On visiting any page, the tool automatically builds the lists of hyperlinks, according to the structure 
defined on the planning space, and then attaches them without imposing any significant delay. Thus, it will appear to 
the learner as if the original page is personalized to accommodate his/her own needs. One should note that the 
original web pages do not include these changes and thus they are not initially structured to match the learner’s 
viewpoint. The tool was developed using a Java-based web browser component (ICEBrowser, 2011) which 
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implements portions of the W3C Document Object Model (DOM) Level 1 specification. This enables to 
programmatically access and manipulated the web pages loaded into the browser for the purpose of highlighting the 
parts of interest and attaching the list of generated hyperlinks.  
 
After structuring the web pages to match their information needs, learners can hide the planning space and focus on 
the navigation process through the browsing space, which becomes guided by the newly attached hyperlinks and 
annotations. They need to open the planning space only if they want to define new sequences of pages or alter 
existing ones. The attached hypertext layer is constantly synchronized with the graph on the planning space: changes 
made on the graph by the learner will be instantly applied on the browsing space. 
 
 
Generation of hypertext knowledge 
 
In addition to building new associations of web resources, the tool produces an independent hypertext representing 
the whole constructed knowledge. The generated hypertext is a single page that contains all referenced pieces of 
information interlinked as in the knowledge graph. Figure 6 shows an excerpt of a sample page generated for the 
graph in Figure 3. Referenced pieces of information are extracted from source pages and embedded in the generated 
hypertext (see elements A1, A2 and A3 in Figure 6). The page is hierarchically structured so that the target pieces of 
information become subsections of the source ones. The user-define relationships between nodes are also revealed so 
that the learner can recall how he/she semantically processed and linked information resources while learning (see 
elements B1 and B2 in Figure 6). User’s notes and comments are also attached to related components (see element 
C1 in Figure 6). The generated hypertext enables rapid reviewing of knowledge by gathering user’s notes as well as 
all pieces of information from visited pages, and organizing them in a single page based on the user-defined 
relationships. 
 
The constructed knowledge can be exported to a file so that it can be imported into the tool and reused later. The 
graph is implicitly converted to an XML format in order to be machine-processable. Importing such a file will not 
only rebuild the hypertext format, but will also reconstruct the complete graph on the planning space. This supports 
persistence of the learning session for resumption by the learner at a later time. 
 
 
Figure 6. An excerpt of the hypertext produced for the graph in Figure 3 
 
 
Discussion: the use of the KnowledgePuzzle tool for self-directed learning 
 
After the functionalities of the KnowledgePuzzle tool have been demonstrated, the following section briefly 
discusses how the tool can be used to achieve a scaffolded approach for self-directed learning from the web. Figure 7 
depicts an overview of the learning stages and how the KnowledgePuzzle tool is utilized to facilitate learning at each 
stage. 
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Figure 7. The use of KnowledgePuzzle tool for self-directed learning 
 
 
Stage 1: Navigation planning and monitoring 
 
This stage involves learners when they start navigating the web with the aim of gathering information. At this stage, 
learners need support to monitor and control the learning process. While browsing, they use the planning space to 
plan which page, or part of a page, to visit and the sequence of pages to be visited so that the learning goal is 
achieved. Subsequently, information components on the web can be previewed according to the planned path. From 
an educational perspective, helping learners build the optimum path that fulfils their goals can release them from 
unnecessary browsing activities. The separation between the navigation path planning and the web exploration 
processes at this stage is crucial as it allows learners to become aware of monitoring their navigation process. 
Learners use the planning space to practice meta-cognitive skills such as planning, monitoring and revising the 
information gained from the web. If the learners become able to externalize what they have in mind and visualize it 
in an understandable format, they will be released from the cognitive effort required to retain the acquired knowledge 
in mind.  
 
 
Stage 2: Transformation of the navigation map to hypertext 
 
This stage involves learners when they start rethinking and reviewing the knowledge gained during the exploration 
process. Learners at this stage need to revisit pages that they found useful during the first stage. They also need to 
recall why they visited these pages, which page contents were important, and how different pages were semantically 
related. In order to assist learners to achieve that, the links connecting the sequence of pages on the planning space 
are converted to real hyperlinks and annotations inside the pages. From an educational perspective, this conversion 
can help learners orient themselves in hyperspace in such a way that facilitates rethinking the knowledge without 
making excessive cognitive effort.  In addition, by moving from the planning space to hyperspace, learners are no 
longer dependent on any extra tools that may cause distraction. They can focus their attention on the value of 
information being browsed, which becomes explicitly interlinked to accommodate their interests.  
 
 
Stage 3: Knowledge generation in hypertext format 
 
This stage enables learners to automatically transform the constructed knowledge into a hypertext format. Such 
transformation aims to promote self-reflection by bringing the whole structure and information into the learners’ 
view, and thus enabling them to review their knowledge rapidly without the need to revisit the source pages. 
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It should be noticed that the above stages complement rather than substitute each other. Learners can move from one 
stage to another in accordance with the progress of the learning process. For example, they move from stage one to 
stage two when they think that they have finished the exploration and planning processes and now they need to start 
revision and reflection. The transition to the third stage provides an opportunity to put the whole knowledge in a 
single space of hypertext to facilitate self-review. However, if learners need to revise the relationships between 
knowledge components in the two upper stages, they can go back to the planning space in stage 1 and alter these 





An explanatory study was performed to evaluate the KnowledgePuzzle approach with the following objectives in 
mind: 
 Ascertain if the KnowledgePuzzle tool facilitates navigation planning and page revisiting compared to 
traditional browsing techniques. 





Participants were first-year undergraduate students at the department of Computer Science who were undertaking the 
“Computer Systems” module. A total number of 44 students (36 males and 8 females) participated in the study. 
Students were instructed to complete an assignment in which they need to study a collection of web pages with the 
aim of writing a short report that describes the security threat ‘computer viruses.’ The objective of the assignment 
was to gain knowledge of computer viruses as they relate to computer systems in general and to computer networks 
in particular. The students were told that the report should include the following sections: 
 A general description of a virus, including how a virus spreads. 
 A description of an instance of a virus. 
 How the network is used and/or affected as a consequence of viruses. 
 How to protect computer systems and users from viruses. 
 
The task was deliberately designed to have multiple requirements as this would stimulate students to follow different 
navigation paths to complete the task. The learning material was a corpus of selected web pages related to the topic 
of computer viruses. Table 1 outlines about the corpus and indicates their complexity. Students were not asked to 
browse and read all pages but only those that they need to complete the task. 
 
Table 1. Corpus of resources used in the experiment 
 Learning Material 
Number of Pages 42 





Two weeks prior to the experiment, the tool was demonstrated to the students and they were instructed to download 
and use it. The experiment was conducted in the lab where students were randomly divided into two groups. While 
one group completed the task using the KnowledgePuzzle tool, the other group used a traditional web browser to 
complete the task using the same corpus of resources. Groups were then switched and were given a different corpus, 
but with a similar complexity, to do the same task using either the KnowledgePuzzle tool or the traditional browser. 
Students were free to make decisions concerning the navigation paths they followed or the pages they needed to use. 
The duration of the task was 2 hours for each session.  
 
During the experiment, navigation activities were being recorded in log files which were then collected and 
analyzed. Finally, a questionnaire was circulated. The questionnaire was divided into two parts: The first part 
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consisted of six multiple choice questions, shown in Table 2, each with a four-point scale (Strongly Agree, Agree, 
Disagree or Strongly Disagree). The second part required a written answer about any suggestions to improve the tool. 
 
Table 2. Questionnaire (Multiple-choice questions) 
Questionnaire questions 
Q1 The tool helped me link separate pieces of information available on the web. 
Q2 The tool helped me directly access information I needed inside the web pages. 
Q3 The new type of links attached to the web pages by the tool helped me easily navigate through the web pages. 
Q4 The tool effectively reduced the amount I need to remember. 
Q5 Grouping and structuring information components in a single page helped me quickly review the knowledge 
gained from the web. 
Q6 The tool was easy to use. 
 
 
Results and discussion 
 
In the next sections, we describe the results of the study. We begin by reporting analysis of navigation activity, and 
then we report results from the questionnaire. 
 
 
Analysis of navigation activity 
 
Navigation activities in both conditions were compared. Our assumption was that students opted to revisit pages of 
interest in order to rethink and organize information in preparation for the writing process. In case self-regulation 
skill is improved, navigational learning process is expected to become more convergent and goal-oriented. In other 
words, page revisiting for reflection on and reconstruction of knowledge would converge on restricted pages, and 
pages unrelated to learning goal achievement would not be frequently revisited. 
 
Table 3 summarizes results in both conditions: using the KnowledgePuzzle tool, students visited an average of 21.5 
pages. Of all visited pages, an average of 8 pages was actually used by each student to obtain information required 
for the task. These were the pages that the student referenced in the written report as well as on the planning space of 
the tool. We refer to these pages as the “instructive pages.” The average number of revisiting these pages accounted 
for 68.6% of the whole number of revisits. In the case of the traditional browser, students visited more pages (mean = 
32.5) and executed fewer revisits (mean = 32.8). Only 39.3% of these revisits were related to the pages that the 
students referenced in the written report. T-test showed that the tool (KnowledgePuzzle and traditional web browser) 
had a significant main effect on the percentage of revisits to instructive pages (t(21) = 2.9, p < 0.05, two tailed paired 
T-test). This result showed that students revisited significantly more pages than necessary using the traditional 
browsing approach. In contrast, the high percentage of revisits to instructive pages in the case of KnowledgePuzzle 
tool indicated that it directed learners’ attention to the primary exploration processes by helping them to revisit pages 
only required for information retrieval. This made the navigation process more convergent and goal-oriented. 
 
Table 3. Analysis of navigation activity 





















KnowledgePuzzle  M = 21.5 
SD = 5.5 
M = 8 
SD = 3 
M = 46.5 
SD = 11.2 
M = 31.9 
SD = 8.47 
M = 68.6% 
SD = 10.9 
Traditional web 
Browser 
M = 32.5 
SD = 8 
M = 9.5 
 SD = 3.5 
M = 32.8 
SD = 8.5 
M = 12.9 
SD = 4.5 
M = 39.3% 
SD = 14 
 
Furthermore, we analyzed the KnowledgePuzzle utility to determine how learners used the tool to revisit web pages. 
Table 4 outlines the average number of revisits executed using each of the navigation aids offered by the tool. It 
shows that learners used three different ways to revisit pages: 1) by following the new hyperlinks attached over web 
This content downloaded from 
              37.8.49.196 on Mon, 12 Nov 2018 22:03:21 UTC               
All use subject to https://about.jstor.org/terms
284 
pages, 2) by clicking the hyperlinked nodes in the constructed graph or 3) by using the “back” and “forward” 
buttons. Results showed that the newly attached hyperlinks were the preferable way for learners to make the 
navigation path, followed by backtracking and graph nodes. This result supported our hypothesis that restructuring 
web resources to match user information needs and making this process smoothly integrated with reading facilitates 
revisiting of pages compared to classical revisiting techniques (e.g., backtracking).  
 
Table 4. Revisit activity of the KnowledgePuzzle tool 
   Hypertext Layer Hyperlinked Nodes Backtracking 
Average number of pages 
revisited 
M = 22 
 SD = 7 
M = 10 
SD = 5.5 
M =14 





Focusing on the tool’s main goal, which is its ability to link separate information sources available on the web (Q1), 
the majority of the students (77%) responded with either “Agree” or “Strongly Agree.” Moreover, most of the 
students (80%) very positively rated the fact that the tool helped them directly access information of interest inside 
web pages (Q2). These results demonstrated the overall satisfaction with the tool’s goal. Regarding the layer of 
hyperlinks added over web pages (Q3), most of students’ opinions (77%) were positive, i.e., either “Strongly Agree” 
or “Agree,” indicating that the new components facilitated navigation through the web pages.  
 
Another encouraging result was the students’ response to the question about whether the tool reduced the amount 
they needed to remember (Q4). 73% of the opinions were positive, indicating that the tool had reduced the cognitive 
overhead caused by the navigational learning process. In addition, the great majority of the students (86%) positively 
evaluated the generated hypertext representation of knowledge by agreeing with the hypothesis that it facilitated 
quick review of knowledge (Q5). Regarding the ease of use (Q6), only 57% of participants agreed, or strongly 
agreed, that the tool was easy to use. This result was expected as the way of using traditional web browser was 
widely known while more effort was required to learn the KnowledgePuzzle’s supporting features. 
 
Students also provided suggestions to enhance the tool’s functionality. For instance, some students suggested the 
ability to reference not only textual information inside pages but also other components such as videos. Other 
students suggested the need to share and discuss their personalized navigation paths collaboratively as this will 
enable them to learn from others’ experiences. Another student suggested the development of the tool as a plug-in to 
Firefox or Internet Explorer in order to benefit from the advantages of the tool as well as the usability of traditional 





The work presented in this article builds upon several areas of research, including information structuring and 
visualization, adaptive hypermedia and web annotation. The following subsections briefly discuss these areas 
focusing on their limitation for self-directed learning and navigation planning. 
 
 
Information structuring and visualization techniques 
 
Research in hypertext navigation has proposed several structuring and visualization techniques to help users in 
avoiding disorientation or in returning to previously visited pages. Cockburn and Greenberg (2000) classified these 
techniques into four categories: 1. Hub-and-spoke dynamic trees which are generated in response to the user’s 
navigational acts. 2. Spatial or concept map organizations that aim to exploit people’s memory for the spatial 
location of objects. 3. Site maps that show a topology of the physical storage locations of pages. 4. Temporal 
organization schemes that exploit the user’s memory for the timing of their actions. Most of these techniques do not 
enable user-controlled structuring of information and navigation paths. Only spatial and concept mapping techniques 
can enable users to structure pages and define relationships based on their own viewpoints.  
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The design of the KowledgePuzzle tool was inspired by mind-mapping or concept-mapping techniques which are 
used to visualize or classify ideas as an aid for organizing information. It has been suggested that these techniques 
can improve learning efficiency up to 15% over conventional note taking (Farrand, Hussain & Hennessy, 2002). 
Some systems integrated mind-mapping or concept-mapping approaches into web browsing to help users organize 
relationships and ideas. Cañas et al. (2005) found that organizing information via a concept map-based interface 
leads to more accurate search performance than the typically used web page-based browser. Examples of concept-
map based browsers include Nestor (Khamidoullina, Reggers & Zeiliger, 2001) and Kashihara et al.’s tool (2000). 
They often provide a web browser divided into two spaces: a space for web browsing and a space for gathering, 
representing and structuring information. Other systems demonstrated the ability to create collections of material 
from disparate websites (e.g., Dontcheva et al., 2006; Schraefel et al., 2002).  
 
The main drawback of the tools described above is the separation between the web browsing process and the 
planning process, which are often performed in two separate spaces. This separation fragments the reading process 
and distracts learners as they repeatedly need to move between the browsing space, where they navigate web pages, 
and the planning (or concept-mapping) space, where they collect and structure information (Chandler & Sweller, 
1991; Cockburn & Greenberg, 2000). Although the KnowledgePuzzle tool enables learners to gather and structure 
information using a concept mapping tool, it makes a step forward to personalize web content by transforming the 
constructed map into hypertext components and attaching them over web pages. Thus, learners can exclusively focus 





Adaptive hypermedia (AH) aims to reduce the cognitive overhead by providing navigational support according to a 
user model. Having knowledge about the users, disorientation and cognitive overhead can be reduced by organizing, 
hiding, recommending or annotating links according to the user’s interests (Brusilovsky, 1996). However, AH 
techniques do not always fulfill the requirements of self-directed learning, where users are free to direct their 
navigation paths on the web, for the following reasons: 
1. AH systems rely on the designer’s predictions of learners’ interests and these may not match their real interests. 
Although there exist some user-driven techniques that enable users to control the adaptation process (Tsandilas 
& Schraefel, 2003), this control is still limited to what the designer allows, and it requires specific design 
settings to be taken before the navigation session. 
 
2. AH techniques can adapt the path of instruction within specific instructional delivery systems. However, the 
web navigation process may involve web pages from several sites which may use disparate adaptation 
techniques or may not use any.  
 
3. AH systems are based on user-modeling. User-models are often persistent or change slowly, and their 
construction is based on assumptions that do not always hold. In self-directed learning, the learner’s desires and 
goals may change, evolve or propagate as the learning process progresses (Zimmerman, 2002). Thus, an AH 
system can make incorrect guesses about what the learner wants or it may not be able to capture any shift in the 
learner’s goals (De Bra, 2000).  
 
In our view, self-directed learning from the web requires a solution that goes further by enabling ordinary Internet 
users, rather than content authors, to reform the structure of web content by injecting new hyperlinks and annotations 
in accordance with their way of thinking. We emphasize that what is proposed here is different from link adaptation, 
the adaptive hypermedia technique. Link adaptation is based on manipulating hyperlinks that already exist in web 
pages, and thus it offers nothing if the pages of interest are not directly linked in the way that the user wishes. 
 
 
Web annotation tools 
 
A number of tools have emerged to support the annotation of web pages either manually or semi-automatically. 
Manual annotation tools allow users to manually add, modify or remove information from an existing web resource 
without modifying the resource itself. For example, Annotea framework (Kahan et al., 2002) allows users to make 
and exchange annotations in RDF files. Chatti et al. (2006) use u-Annotate to conduct hand-written annotations on 
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web pages. Rau et al. (2004) use web annotation tools for learning, allowing learners as well as instructors to 
annotate, highlight, organize and share annotations on web-based learning material.  
 
Semi-automatic annotation tools such as COHSE (Bechhofer et al., 2008), Magpie (Dzbor, Motta & Domingue, 
2004) and Ont-O-Mat (Handschuh & Staab, 2002) enable users to inject annotations or browsing links within the 
web page by integrating ontologies and information extraction tools. They associate an ontology-based semantic 
layer to web documents, allowing ontological terms within the document to be dynamically annotated or linked to 
explanatory resources. However, they use static databases for linking and thus they restrict the user’s control over the 
linking process. Systems like Google’s Autolink also provide dynamic linking functionality. 
 
In contrast to prior annotation techniques, we offer a knowledge-driven linking and annotation service which not 
only allows learners to annotate web pages but also to build structured associations of web content in order to adapt 
the navigation path to the learner’s processing of knowledge. Rather than directly interacting with the page content 
as in manual annotation techniques, learners use a concept-mapping tool to visually plan the navigation path 
according to their mental representation of knowledge. Subsequently, web content is annotated and interlinked to 
reflect the constructed visualization. 
 
 
Conclusion and future work 
 
In order to overcome the differences between what exists on the web and what resides in the learner’s mind, a tool 
for knowledge construction from the web has been proposed. The tool aims to encourage learners to plan the 
navigation path and visualize the semantic processing of web content using a concept-mapping tool. Afterwards, the 
constructed graph is transformed to a layer of informative hyperlinks and annotations, causing the structure of web 
pages to be adapted to the learner’s information needs. Finally, a hypertext version of the whole knowledge is 
generated to enable rapid reviewing by enclosing all information assets as well as user-defined associations in a 
single document. The contribution of the tool is in the proposed approach for self-directed learning that enables 
learners to operate actively by manipulating, interlinking and annotating static hypertext resources in order to best 
represent the structure of knowledge in their minds. 
 
In our future work, we will consider the suggestions made by the students to improve the tool. In addition, while the 
study presented in this article focused on how the tool enhanced the navigational behavior, we will conduct further 
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